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STREET PAVEMENTS. 


Gen. Q. A. Gilmore, who distinguished himself in the 
late war, has contributed to the New York 7rrbune an 


elaborate article on street pavements in large cities. The 


A WEEKLY JOURNAL OF ENGINEERING, 


! 


subject is treated in a scientific manner, and furnishes | 


much information that may serve as a guide to municipal 
governments upon this very important subject. 
Gilmore asserts that the essential requisites of a good 


street pavement are: 1, that it be smooth and hard; 2, 


that it furnish a foothold for animals, and not become | 


polished and slippery; 3, that it be noiseless and free 
from dust and mud; 4, that it be capable of thorough 
cleaning; 5, that it be of durable material, and of such 
construction as to be easily taken up or relaid in places ; 
6, that it be easily repaired at all seasons and at moder- 
ate cost. Roads of broken stone and gravel, though 
comparatively noiseless, furnish dust and mud, and are 


not adapted to the heavy travel of cities. Cobble-stone 


pavement is condemne: as far inferior in every respect | 
to stone blocks, though these, if laid on sand, rapidly | 


form into ruts. 

Indispensable to all paved streets is a good founda- 
tion, and to the absence of such foundations is attribut- 
The 


suitable foundations for street pavements are stated to 


ed the failure of all forms of pavement in cities. 


be: 1, hydraulic concrete, 6 to 8 inches in thickness; 2, 
rubble-stones set on edge, but not in contact, with the 
interstices filled in with concrete; 3, rubble-stone set in 
contact, on edge, like the sub-pavement of a Telford 
road; 4, cobble-stone firmly set in a form of sand or 
gravel ; 5, small rubble-stones of random sizes in a well- 
compacted layer ; 6, a layer of broken stone laid in the 
macadamized road. Of these, the 
second, and third are considered the best, and are named 
in the order of merit. 


manner of a first, 
Having secured these foundations, 
the relative value of stone blocks, wooden blocks, and as- 
phalt tor the pavements are considered. Of each of these 
general kinds of pavement, the best stone pavement is 
one composed of rectangular blocks, set on their longest 
edge across the street, upon a concrete foundation. The 
best wooden pavement is one of rectangular blocks, set 
on their edges across the street, on a suitable founda- 
tion, for which none of those mentioned are good, be- 
cause wooden blocks would not endure the crushing they 
would receive if set on a hard, inelastic foundation. A 
good asphalt pavement required a firm foundation. The 
asphalt may be of natural asphalt rock, obtained from 
Switzerland, or it may be that composed of asphaltic 
cement, prepared by refining the natural bitumen, to 
which is added a calcareous powder to take the place of 
the amorphous carbonate of lime found in the natural 
asphalt rock. 

Gen. Gilmore says that there is a distinction between 
pavements of genuine asphalt and the patented imita- 
tions or substitutes composed of wood-tar, coal-tar, &c., 
All of these 
mixtures he pronounces unfit for carriage ways. The 
advantages of a good asphalt pavement are that it pro- 
duces no dust and no mud; it is comparatively noise- 
less ; it does not absorb and retain noxious liquids ; it is 
impermeable to moisture, and neither emits nor allows 
the emission from the subsoil of unwholesome and pois- 
onous vapors ; it reduces the force of traction to a min- 
imum. Though it does not give as secure a foothold for 
animals as stone or wooden blocks, it does not become 
polished and slippery from continued wear. It is adapt- 
ed to all streets not steeper than 1 to 50, except those 
that are thickly crowded with heavy loads, as in Broad- 
way below Canal street. In many respects such a pave- 
ment stands unrivaled. 


mixed with sand, ashes, scoriw, &c., &c. 


General | square yard, including 30 per cent. profit to the contrac- 


| and less easily upon it than upon the others. 
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In comparatively durability, stone blocks will hav 


the longest life, and wood very much the shortest; the 
asphalt is near the stone, and, unless the latter be of su- 
perior quality, the asphalt will outlive the stone. 

He puts the first cost of a good asphalt pavement on 
a concrete foundation, at present prices, at $3.50 per 
tor. This exceeds the first cost of wood, but it is less 
by at least $1 per yard than that of stoneon a like foun- 
dation. As to cheapness in first cost, wood stands first, 
asphalt second, and stone third. In cost of maintenance 
and repair, taking durability into account, the stone 
stands first, asphalt nearly the same, and the wood third 
in merit. Asphalt is easier cleaned than wood or stone, 
and stone than wood. 


In the matter of noise, stone is the noisest of all pave- 


| ments, while as to slipperiness the case is thus stated 


“Tf the surface be kept clean by either sweeping or wash- 
ing, the difference in slipperiness between wood, stone 


that does not polish, and asphalt, is not great, although 


| enough perhaps to place asphalt last; while a horse not 


only falls more frequently but recovers himself less often 
Mud will 
render either of the pavements slippery, but asphalt the 
most so, although it is not slippery when very dry, or if 
free from mud, when very wet. Under a sharp dry 
frost, after rain or snow, asphalt and stone are generally 
quite dry and safe, while wood retains its moisture and is 
quite slippery. In the condition in which they are usu- 


| ally maintained, a slight rain adds to the slipperiness of 


this state begins with the rain, while the worst condition 
of wood ensues later and lasts longer. With regard, 
therefore, to the safety of the animals and the conven- 
ience and comfort of those using the street, as well as 
those living upon it, the weight of the opinion places as- 


phalt first, wood second, and stone third, for all streets 


| except those that are habitually crowded with heavy traf- 
fic, in which case stone would rise to the first place and 
asphalt drop to the ¢hird.” 

It is asserted that the pavements of a city exert a di- 
rect and powerful influence upon the health of the popu- 
| lation, and this branch of the subject is discussed elabo- 
rately. The joints in pavements of wood and stone be- 
| come in time equal to one-third of the whole surface, 
and they become filled, and the surface of filth exposed 


| to evaporation covers three-fourths of the whole street. | 


This foul organic matter is held in the joints and gutters 
and undergoes putrefactive fermentation in warm, damp 
| weather. 


The conclusion which Gen. Gilmore reaches is that, 


| all the busiest streets, where the traffic is dense, heavy, 
| and crowded, is one of rectangular stone blocks set on 


cal blocks, known as the Belgian pavement, set in the 
same manner. 


width, upon which the daily traffic is not crowded, or 
for streets largely devoted to light traffic or pleasure driv- 
ing, or lined on either side with residences, is asphalt for 
all grades not steeper than 1 in 48 or 50.” 

This subject is one of great importance in this city, 
where, as in New York, the only foundation for street- 
| pavements is sand.”—Chicago Tribune. 





The Boston, Revere Beach and Lynn R. R. is a 3 ft. 
guage, and eight miles long. It opened for traffic Aug. 
Ist, 1875, and in the following six months carried very 
nearly 500,000 passengers. 
passengers per day. 





each, with this difference, that, upon asphalt and stone, | 


for the streetsot New York, “The best pavement for | 


a concrete foundation; and the next best is one of cubi- | 


The best pavement for streets of ample | 


It is now carrying my 
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Creeping Rails. 


Seeing the following item credited to so high ana 


thoritv as the Screstific American, we sent it to ] 
F. Tuckeg Esq., the General Superintendent of the Tl] 


nois Central Railway, soliciting a statement of whateve 


observations he might have made upon the subject T} 


Illinois Central has | 


704 miles of track, nearly all of 
varying only a few degrees from due north and soutl 
and, had the item been based on actual observations 
surely would have been noticed by the managers of that 


road. The following is the paragraph 


rhe ‘‘creeping” of railroad rails has attracted some 
attention of late, and while we donot attempt to explair 
it, we offer a point in the fact, that on lines running nort! 
and south, the western rail “creeps” faster than the east 
ern rail—that is, this strange movement of the rail 
toward the south is more marked in one rail than in the 
other on the same track. Furthermore, 
ticed that on such a line the eastern 
fastest. 


it has been no- 
rail wears out the 
Both of these points, we think, can be explair 
ed by the motion of the earth as it turns from the west 
Everything that has free motion is dragged 
after the whirling globe; every wind that blows and ev- 
ery tide that moves feels the influence, and our train g 
ing north or south is pulled over toward the east, and 
naturally presses the eastern rail most heavily 
western rail, being relieved of its share of weight ‘‘creey 
more freely and quickly. It is also noticed that the 
wheels that run on the eastern rail wear out the first 
and we can but think that this earth-motion is the true 
cause. The practical side of this is that the eastern rail 
and wheels should be stronger. 


Mr. Tucker submitted it to L. H. Clarke, Esq., Chief 
Engineer of the road, who has had charge of it for the 


to the east 


lhe 


last twenty years. His reply is as follows 

CHICAGO, Feb. 10. — 7. F. Tucker, Esq., General 
Superintendent; As regards “ creeping” of rails on the 
Illinois Central Railroad, I have to say that on our 
double tracks the rails ‘‘creep" in the direction in which 
trains move; on single track in both directions, the 


| movement being down the grades where the road is un 


dulating to any great extent, and when level, about equal 
in either direction. I have never observed that the east- 
ern rail wears out the fastest. Who has observed that 
the statement as published is correct? 

L. H. CLARKE 


If so 


experienced an engineer as Mr. Clarke, who has 


Of course this almost settles the matter. 


and 


able 


managed the longest north and south line of railway in 
the world for twenty years, cannot corroborate the state- 
ments of the Sctentific American, few will be ready t 
accept them ascorrect. True, there is a foundation for 
them in theory; but the effects must be infinitesimally 
small, and therefore may be neglected. They certainly 
have not been observed on the Illinois Central. Chica 
go Tribune. 





Captain Eads, in a recent letter, speaks very enc: 
agingly of the success of his system of jetties, as shown 
by what they have already accomplished. He says that 


| since the 1st of October, 1875, than one millior 


more 
and a quartercubic yards of sand have been scoured away 


by the accelerated current, and that this amount is more 


than one-third of the quantity which must be swept 


| away in order to give the required twenty feet of water 
| at low tides on the bar. He adds that “ The concentra- 
ted and accelerated outflow of the river sustains its sus- 
pended load to greater distances in the Gulf than ever 
before, and the prevailing westerly sea current, which is 
induced by the prevalent east winds, bears the river wa- 
ter thus laden westwardly and into deeper water, and 
entirely away from the jetties. Captain Eads received a 
despatch on Feb. 7th, trom Colonel Andrews, the con- 
tractor for the jetties at the mouth of the Mississippi river 
announcing thirteen feet of water through the crest of 
the bar at South Pass, being an increase of three feet in 
the past eight days. Seven feet additional water will 
entitle Captain Eads to the first payment, by the terms 
of the grant from Congress. 


wm 
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THE SEWERAGE OF BOSTON. 





Pians and Estimates for a Complete System. 





A Report by a Commission, Consisting of E. S. Ches- 
brough, C. E., Moses Lane C, E., and 
Charles F. Folsom, M.D. 





Boston, although one of the oldest, wealthiest, and 
most intelligent of the American cities, has never had 
When 
it was insignificant in area, there was but little reason 


a thoroughly comprehensive system of sewers. 


for complaint on the part of the inhabitants ; but it has 
grown to be a great and populous city, and each year, 
extending its limits so as to include, one after another, 
the numerous adjacent suburban towns, it must soon be- 
come the home of nearly a million people. Several years 
ago the physicians of the city were led to investigate the 
connection between the high death-rates prevailing, and 
the defective sewerage system, and the subject has ever 
since been kept prominently before the peopl =Numer- 
ous reports have been made until at last the City Coun- 
cil on February 23d, 1875, authorized the Mayor to ap- 
point a Commission, “ Consisting of two Civii Engineers 
and one competent person skilled in the subject of San- 
itary Science,” to “report upon the present sewerage of 
the city,” and to present a plan for a system of sewer- 
age, together with an approximate cost thereof. 

The Mayor appointed as Commissioners, E. S$. Ches- 
borough, City Engineer of Chicago; Moses Lane, City 
Engineer of Milwaukee; and Chas. F. Folsom, M. D., 
of Boston. 

This Commission met for the first time, April 23d, 
1875, and after a most careful examination of the whole 
subject before them, submitted the report which we 
have reprinted in full for the benefit of the readers of 
ENGINEERING NEWS :— 


PRESENT CONDITION OF THE SEWERS, 


While Boston was a city of about seven hundred acres, 
the lines of drainage were short, the grades were sharp, 
the sewage at its points of discharge was so much dilu- 
ted in a vast volume of water as to render it practically 
innocuous, and the emanations from it were mixed with 
so many times their bulk of the purest air that they could 
not have contaminated our atmosphere to a serious ex- 
tent. 

Che growth of the city in various directions, and the 
reclamation of land from the sea, however, have necessi- 
tated the extension of a plan which was suited to the 
wants of the time, as far as the knowledge of the princi- 
ples of sewerage then known allowed it to be se, but 
which is entirely inadequate to our present needs. 

The filling in of the old mill pond necessitated the ex- 
tension of the sewers of that district to discharge into 


the canal ; and, upon the closure of the canal, the sew- | 


ers were intercepted by a main which now discharges on 
both sides of the city, very irregular in grade, and whose 
two outlets are materially higher than its central point at 
Haymarket square, thereby causing obstructions in that 
whole drainage area, No dispensary physician who has 
had that district can have failed to notice the deleterious 
influences of such conditions upon the health of people 
who are absolutely powerless to help themselves. 

Ihe South bay district contains so many old covered 
wharves and stone walls, and has been filled in with such 
bad material, that the tide actually ebbs and flows in 
some parts of it; and, although the drainage may be 
much improved by a difterent plan of sewerage, the soil 
there can never be such as to justify the use of the cellars 
as tenements, ; 

When the sewage of Boston Neck was discharged at a 
low point in the closed basin, formed by the Mill Dam 
and the Dam (now Parker street ), the cellars 
were quite dry, although often put too deep. But when 
the odors from this closed basin became so offensive as 
to necessitate its connection with the Charles river to 
keep it flushed and clean, the sewers had to be dis- 
charged on the south side of the city into the South bay ; 
and the cellars were flooded during storms at high water, 
inasmuch as tide-gates were necessarily used to keep the 
sewers, and consequently many of the cellars, from inun- 
dation at every tide. This rendered the raising ot the 
Church-street and the the Suffolk-street districts necessa- 
ry, at the cost of several million dollars. Raising the 
area below Dover street made the cellars in this street 
still more subject to floodings than before, being the 
lower point; and when Dover street itself was raised 
Milford and Dwight streets beyond it suffered a similar 
increase of trouble. ; 

Near Berlin street, and at several points on the south- 
erly side of the city, the drainage is so imperfect, on ac- 
count of the low grade, as to forbid the use of the land, 
as at present, for dwelling houses. 

The filling in of the area below Charles street has re- 
moved the nuisance which existed there a few rods far- 
ther west, and it is to be regretted that better material 
had not been used in the process, A tight, impervious 


Cross 


| known in Boston, even if occurring at high tide. 


ENGINEERING NEWS. 


wall ( like the Mill Dam ) also should have been placed 
outside all the houses beyond Beacon and Charles streets, 
sO as to prevent the soil from being soaked by each tide. 

Finally, the Back bay proper has been filled in with 
the best of material, generally speaking, but at a grade 
and of an extent such as to make large tide-locked sew- 
ers at slight grades and of great length necessary. 

In all, we have many hundred acres of this low, flat 


land, and just in proportion as we have extended such | 


territory for residences, just so far have we been creating 
difficulties for ourselves which other cities are unfortu- 
nate enough to have had from the beginning, and which 
some of them have met and are meeting at great cost, 
and by the employment of the highest engineering skill. 


THE SEWERS THEMSELVES, 


In the limited time of eight months the Commission 
have not been able to examine in detail the whole of the 
one hundred and sixty miles of sewers in Boston; nor 
would that properly come within the scope of a report 
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there is always a large amount of the most offensive and 
deleterious gasses present, which cam pass under any 
circumstances through any water trap, to some extent, 
Secondly, the rapid rise of the sewage in the sewers, 
when they are closed by the tide, and especially if there 
be a heavy rain at the same time, compresses the gasses 
to such an extent that they must force their way through 
the water traps, provided there be not free ventilation, as 
there is not in Boston. The difficulty is especially great 
here, as the houses are of such various heights that it js 
difficult in most cases for one man to use his rain-water 


| Spouts as ventilators, without endangering the sleeping- 


upon a system of sewerage ; but they have inspected the | 


most important ones and over four hundred manholes, 
The modern sewers in Boston are, most of them, well- 
constructed and of good material. Some have been 


built to meet immediate emergencies, and without. the | 


expectation of their being permanent. 
ities, too, have not felt the expediency of expending suf- 
ficient money for a comprehensive system with each part 
in harmonious connection with the rest. There are 
now in the city proper thirty-two independent drainage 
districts, the principal sewers of which were built in dif- 
ferent years, often widely apart, discharging by separate 
outlets. This condition obtained in London until twen- 
ty years ago, and in most cities which had any sewers at 
all. 

In most parts of the city there are enough manholes 
to allow of free inspection of the sewers. Directly un- 
derneath these manholes, with few exceptions, are **catch 
basins” in the course of the sewers, each containing and 
retaining a large amount of organic matter in a state of 
putrefaction. [hey cannot ever be properly cleaned, and 
must always of necessity be full of sewage; the annual or 
semi-annual clearing out only serving to remove the 
sand and other solid matters. There are thus. several 
hundred literal open-mouthed cesspools connected with 
the houses in all parts of the city. This plan was adopt- 
ed in order to prevent the sewers, many of which were 
quite flat, from becoming obstructed by deposits. It has 
been tried on a small scale, too, in London, Paris, Liv- 
erpool and New York ; but in all these cities it has been 
found a source of annoyance and danger to health, and 
has been abandoned. When the sewers in Boston shall 
have been accommodated to a system which will allow 
the sewage to be rapidly discharged, these catch basins, 
which are unnecessary, should be filled ; and earlier, if 
possible. 

The street-gullies for the surface water are located by 
the Street Department, must be connected with the sew- 
ers by the Sewer Department, and are emptied from 
time to time by the Health Department (not the Board 
of Health ), — a complication which entails many evils, 
and which should bedone away with. ‘They are trapped 
and have catch basins for collecting the street washings. 
[hey are often sources of very serious annoyance in two 
ways : — 

ist. The water occasionally evaporates from the traps 
during the summer, exposing the contents to the airand 
leaving direct communication between the sewers and 
the outer air. 

2d. The same result is brought about during the pro- 
cess of emptying and cleaning them, as the traps are of- 
ten left to be filled by the next rain. 

Between Federal street bridge and East Concord str., 


there are sewers with tide gates, which are closed nearly | 


one-half of the time. The area drained by them is com- 
prised within the following limits: From the wharf of 
the Albany Railroad, following the line of their track to 
the junction, thence along the Providence Railroad as 
far as Northampton street, and through it to the corner 


of Tremont street, and finally down East Concord street | 


to the Roxbury canal, in all 445 acres. From this large 
tract come complaints of damp cellars, wet cellars, and, 
in case of heavy rain at high tide, of flooded cellars. The 
evils are greater or less as the grades of the streets vary 
from thirteen to eighteen feet above low-water mark, but 
in all cases are reasonable causes of complaint. In most 
cases the cellars are overflowed with surface-water, but 
““wooden plugs,” or flap-traps, are liable to get out of 
order, and then a rush of sewage comes in and contam- 
inates the air of the houses for months. 

The Back bay and Church street districts, three hun- 
dred and forty-one acres, drain into the Charles river by 
tide-locked sewers, which are large enough to serve as 
reservoirs for the greatest rainfall which has ever been 
The 
cellars are therefore not flooded unless they be built be- 
low the grade established by the city authorities (twelve 
feet above low-water mark), or surface water should get 
in from the yards or sidewalks. During nearly twelve 
hours of each day some or all of these sewers have no 
outlet, the sewage accumulates, rising higher and higher, 
leaving a slight deposit on the sides, and a very consid- 
erable deposit on the bottoms of the sewers. At the 


last time of inspection, this latter was, and nearly always 
is, in the Berkeley street sewer, from four to six inches 
deep between Boylston and Marlborough streets, while | 
the action of the tide keeps the part below Marlborough 

street comparatively clean. The evils in this sewer, which | 
is selected as an example of a class, are two-fold: first, 


The city author- | 


rooms of his own or his neighbor’s house. 

The sewer in Boylston street, west of Park square, js 
so low, from settling of the land, that it cannot be emp- 
tied even at low tide ; and there is a large quantity of of- 
fensive deposit in it; that is to say, it is, as is the Berke- 
ley street sewer, an enlongated cesspool. 

In one of the streets of Roxbury the house-drains are 
flooded, and offensive matters are brought into the houses 
by even such a rainfall as that in the early part of Octo- 
ber last. The sewer being closed by the tide, is of in- 
sufficient size to meet an extra demand upon it at high- 
water. 

The large sewer running through Canal and Haymar- 
ket streets, and having outlets on both sides of the city, 
was found last July to have a solid deposit five feet deep, 
so hard that it was difficult to thrust a pole through it. 
It cannot be cleaned satisfactorily, as it lies so low that 
workmen cannot enter it only at or near low tide. No 
systematic attempt, therefore, is made to clear it tarther 
than to dam one end, or to dig holes through the deposit 
under the manholes, and thus allow a partial scouring to 
take place. It is one of the old square wooden sewcrs, 
and is also described as a type of a class. 

Finally, between Otter street and Federal street bridge 
there are no tide-gates, many of the sewers lie very low, 
the soil is incompletely drained, the cellars are many of 
them often wet, and the sewer-gases are driven into the 
houses by the rise of the tide. 

Considered with reference to their outlets, it is cer- 
tainly a very serious objection, in a sanitary point of 
view, that twenty million gallons of sewage are discharg- 
ed at forty different points, completely skirting our city, 
and polluting the atmosphere throughout most of its 
length and breadth. . 

In Cambridge, there are ten sewer-outlets into the 
Charles river above West Boston bridge, and four below 
it. From Somerville and East Cambridge the enormous 
sewer from the Miller's district discharges under Craig- 
ie’s bridge, giving forth most offensive odors. In Charles- 
town there are twelve sewer outlets, in East Boston thir- 
teen, in South Boston eighteen, and in Somerville six. 
They are, with comparatively few exceptions, so situated 
as to discharge the contents of the sewers directly into 
the docks, or upon large surfaces of impervious dock mud. 
Under the influence of the moisture and heat in sum- 
mer, this highly putrescible organic matter gives forth 
such offensive gasses as to render it impossible to remain 
with comfort in some. of the most costly houses in the 
city. 

During the past summer it has been necessary to close 
windows in various parts of the city to keep out bad 
smells; and workmen in the vicinity of the Roxbury 
canal have not unfrequently been obliged to leave their 
work, while the atmosphere in the neighborhood of some 
of the worst places, as the flats near Porter street in East 
Boston, the Roxbury Canal, the Stony-brook outlet, the 
Otter street outlet, the channel below Prison Point, and 
Craigie’s bridge has been simply intolerable. 

Great as these evils are, they can only increase as the 
city grows and the population becomes more dense. 


HOUSE-DRAINS, CESSPOOLS, ETC, 


Without underrating the danger and discomforts aris- 
ing from the present condition of our sewerage, it would 
be a great omission not to sfate that, in many cases, bad 
smells, which have been attributed to the sewers, really 
arise from defects in the arrangements belonging to the 
houses. 

In the first place comes cesspools and privies. In the 
sparsely-settled parts of the city they are in some cases 
unavoidable, and, if used for only a limited number of 
years, with proper precautions, need not be sources of 
nuisance or harm. 

Privies should always be disinfected daily with a suf- 
ficient quantity of dry earth, and no drainage or soak- 
age into the soil should be allowed from them. 

Cesspools, at least in cities, should always be tightly 
cemented, and inspected by an official employed by the 
city, after each emptying, as is done in Paris. In such 
cases they are not nuisances, if the contents are emptied 
by the pneumatic process, and removed to a sufficient 
distance. It is difficult, however, if not impossible, to 
make cemented walls perfectly tight; and all such tem- 
porary arrangements should be abolished by law as fast 
as sewers are introduced. Nor is filling with earth suf- 
ficient, but it should be done with brick and cerrent, to 
prevent rat-holes, which are channels of communication 
for foul gases to the house. How many of them still 
exist in Boston it is impossible to say, but they are to be 
found in some of our oldest streets. In high and dry 
gravel, sand, or loam, loose-walled cesspools may exist 
for years without harm, if there be no source of water- 
supply liable to contamination, and no cellars within 
their drainage areas ; but they should alway be looked 
upon with suspicion. Even under such circumstances, 
by the growth of a town, land may be needed for houses, 
which at one time had been thought to be so remote 
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that it might be polluted with safety. The subsoil once 
saturated with cesspool matter purifies itselt slowly, and 
the cellar which is dug in it is not protected by the 
amount of care which the building of its walls and floors 
is likely to get. ; 

In the house-drains themselves the most common 
faults are these : 

1st. That they are made of pervious or ill-jointed 
material, allowing contamination of soil, and afterwards 
of air. They may, under such circumstances, pollute 
the water supply, or defile the air distributed over the 
house by the furnace. 

2d. That they are often made of lead pipe, which of- 
ten becomes corroded, and finally perforated, thereby al- 
lowing the discharge of sewer-gases. Dr. Fergus, of 
Glasgow, who has investigated this subject minutely, 
has known perforation to occur in lead pipes within three 
months after they had been laid. 

3d. That they are often broken close to the house- 
walls, or even within the walls themselves, in the made 
land, from “‘settling,”—a process which has been known 
to continue in Boston for at least a dozen years. Thisis 
an evil which is not usually detected early, often not un- 
til the sewage has soaked through the cellar-walls, and 
not unfrequently exists when not suspected by the occu- 
pants of the house. 

4th. That they may be badly connected with the main 
sewer in the street, or broken at the same point by the 
settling of the land. 

sth. That they are often laid under the floors of the 
cellars of the house, thereby increasing the risk when any 
imperfections exist. 

In the water-closets and wash-basins, trapping is often 
incomplete, and ventilation very deficient or entirely 
wanting, 

Finally, wet cellars in Boston are often due to the set- 
tling of the land in the yards, whereby the surface-water | 
sinks into the soil instead of running off by the drains. 


THE MADE LAND. 


So much has been said in regard to the suitableness 
and unsuitableness of the “ made land” for dwelling- 
houses, that the subject deserves especial attention, 

The old Mill Pond, the South Cove, and large portions 
of the area between Dover and Northampton streets, 
have been filled with material more or less unsuited to 
the purpose, and evils of such a condition have been in- 
creased from the periodical floodings with water or sew- 
age to which these places have been subject. In the 
first-named two districts the soil is spongelike in the 
readiness with which it allows water to percolate through 
it, rendering at least ail the basements unfit for dwell- 
ings. 

The back bay proper, for the most part, has been | 
filled in with excellent material, than which nothing | 
could be better ; and with proper precautions in build- 
ing, no fear need generally be had of dangerous eman- | 
ations from the deposits below it. This has been shown 
by experimetns made during the past summer. The level 
of the water in the soil, too, is especially uniform (an 
advantage in a sanitary point of view), and at sucha 
level as to render the cellars dry, unless built lower than | 
is allowed by the city ordinances. Nevertheless the wa- 
ter is too mear the surface. The serious faults of the 
drainage here have already been pointed out and can be 
remedied. 

In South Boston, East Boston, and Charlestown, there 
is so much high*land and so little that is low, that the 
problem is comparatively a simple one. 

In Cambridge, Somerville, and Chelsea, there is a 
large amount of low land that is not yet thoroughly 
drained. 

Between Dorchester bay and Charles river we have a 
surface a thousand rods long, about half as deep at the 
widest part, and only six feet above extreme high tide. 
If this territory should be largely occupied by houses of 
an inferior class, thorough sewerage, at best a difficult 
matter, would be made even more so. 

A reservation of land, therefore, especially with an 
open water-basin, as proposed by the late Governor An- 
drew, could not fail to be of great benefit to the city, in 
a sanitary point of view. 

The chief source of mischief in the made land is from 
the presence of sewer gases in and out of the houses (an 
evil which exists also to a greater or less extent in other 
parts of the city), and which may be ascribed to three 
causes :-— 

First, to the immediate contiguity of large areas of 


moist surface, bare at low tide, and covered with an ever- | 


renewing layer of sewage. 

Second, to the bad character of sewage gases, and to 
the fact that in manners already explained they must be 
constantly escaping, in greater or less quantity, a large 
part of the time, into some of our houses. 

Third, to the breaking of the house-drains caused by 
the land settling, while the houses built upon piles re- 
mains fixed. This is unquestionably a fruitful source of 
mischief, but it may be obviated by a very simple con- 


trivance, namely, by léaving a small manhole for inspec- | 


tion close to the outside of the cellar wall from the drain 
up to the surface of the ground. 


filled, in winter, with straw or some similar substance, to 
prevent freezing. 


SUMMARY OF THE PRESENT CONDITION. 


The evils which exist in our system of sewerage in 
Boston, chiefly arise from additions being constantly 
made to the territory of the city, and from the sewers be- 
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ing necessarily extended through these low districts, and 
on very flat grades, without a definite comprehensive 
system. 

The point which must be attended to, if we would 
get increased comforts and luxuries in our houses, with- 
out doing so at the cost of health and life, is to get our 
refuse out of the way far beyond any possibility of harm 
before it becomes dangerous from putrefaction. In the 
heat of summer this time should not exceed twelve 
hours. We fail to.do this now in three ways : — 


Ist. We cannot get our refuse always from our house- 
drains to our sewers, because the latter may not only be 
full themselves at high tide, but they may even force the 
sewage up our drains into our houses. 


2d. We do not empty our sewers promptly because 
the tide or the tide-gates prevent it. In such case the 
sewage being stagnant, a precipitate falls to the bottom, 
which the slow and gradual emptying of the sewers, as 
the tide falls, does not produce scour enough to remove. 
This deposit remains with little change in some places 
for many months. 


3d. With our refuse, which is of an especially foul 
character, once at the outlet of the sewers, it is again 
delayed there to decompose and contaminate the air. 

As a result of this failure to carry out the cardinal 
rule of sewage, we are obliged to neglect the second rule, 
which is nearly as important, namely, ventilation of the 
sewers ; for the gases are often so foul that we cannot 
allow them to escape without causing a nuisance; and 
we compromise the matter by closing all the vents that 
we can, with the certainty of poisoning the air of our 
houses. 


Great as is the annoyance from allowing even the foul- | 


est sewage emanations to escape into the open air, yet 
it is the safer way to do so, and has already been done 
in Boston in many cases by extending the soil-pipes 
through the roofs. 

The sewage should start from the houses, and go in 
a continuous current without stopping until it reaches 
its destination, either in deep water or upon the land. 
In such case, the sewers will contain no offensive gases, 
and free ventilation may take place with a few simple 
precautions. 

REMEDIES. 


In the opinion of the Commission, there are only two 
ways open to us. The first, raising more than one-half 
of the superficial area of the city proper (excluding su- 
burbs), is entirely out of the question, from the enor- 
mous outlay of money which would be required,—more 
than four times as much as would be needed for the plan 


| which we propose, and which consists in intercepting 


sewers and pumping. But before discussing these points 
in detail, we must decide what is to be done with the 


| sewage, and where it is to be carried. 


FINAL DISPOSAL OF THE SEWAGE. 


' 
There are in use now in various parts of the world 


three methods of disposing of the sewage of large cities, 
where the water-carriage system is in use. 


Ist. Precipitation of the solid parts, with a view to 
utilizing them as manure, and to purify the streams. 


2d. Irrigation. 






















































Automatic Ruling Machine. 
Mr. W. A. Rogers, assistant at Harvard College Ob- 
servatory, has invented an Automatic Ruling Machine, 
the object of which is to produce lines upon glass for as 
tronomic and microsc means of this 


yn glass 


pic purposes. By 
machine 80,000 lines to the inch may be ruled « 
with a great degree of accuracy. Those from 1,000 to 
80,000 are ruled on the glass with a diamond having a 
point of exceeding fineness. To produce this fineness of 
point, Mr. Rogers invented a machine for grinding and 
polishing. The coarse lines are ruled, and then etched 
with hydrofluoric acid, the other parts of the glass plate 
being protected by a varnish of remarkable qualitics, in- 
vented by the same gentleman. As many of the most 
important investigations in astromony and mic SCOPY 
are dependant upon the accuracy and perfection of these 
lines, the work done by this machine and this process is 
invaluable to science. A gold medal was awarded Mr 
W. A. Rogers for both of these inventions at the Massa- 


chusetts Charitable Mechanics’ Association in 1874 





New Drawing Instrument. 
new and useful instrument called the Curve Scribe 
for drawing scrolls, ellipses, ovals, etc., has recently been 
patented both in the United States and Great Britian 
It is intended for the use draftsmen, engineers, mecha 
The Scribe will fit 
any ordinary pair of compasses, and will draw on wood, 


ics, painters, pattern makers, etc. 
cloth, paper, or leather. The principle on which it is 
constructed, is that a wheel must necessarily follow the 
it to do this, the 
compasses are made so that the legs will work loose. To 


direction of its axis, and to enable 


draw a figure, hold the compasses in the palm of the 
hand, free and erect as possible, and start with the legs 
open, as though forming a circle, using sufficient pressure 
to leave a plain line, the legs of the compasses gradually 
approaching each other, and the desired curve will be 
formed. The various curves will depend entirely on the 
angle at which the wheel is set. For instance,—if the 
wheel is placed exactly at right angles to the compass 
points, it will describe a circle, and if placed parallel to 
the points of the compasses, it will describe a straight 


line. An ellipse may be drawn by setting the wheel of 


the scribe at any angle between 20 and 45 degrees 





SCITUATE, Feb. 10, "76 
Epiror News :—Can you give me a rule for finding 


| the variation of the magnetic needle by means of the 
| Sun’s Amplitude? 


I have a rule which reads as follows:—“To the 


| log secant of the latitude add the log sine of the sun’s 


Neither vf these processes has proved remunerative, declination corrected for the time and place of observa- 


and the former only clarifies the sewage wrthout purt- 
fying it; but if the time comes, when, by the advance 
of our knowledge of agricultnral chemistry, sewage can 
be profitably used as a fertilizer, or if it should now be 
deemed best to utilize it, in spite of a pecuniary loss, it 
is thought that the point to which we propose carrying 
it will be as suitable as any which can be found near 
enough to the city, and at the same time far enough 
away from it. 


The third way is that adopted the world over by large 
cities near deep water, and consists in carrying the sew- 
age out so far that its point of discharge will be remote 
from dwellings, and beyond the possibility of doing 
Tt is the plan which your Commission recom- 


harm. 


tion. To find the variation of the needle, subtract the 


| mag. amplitude (derived from the reading of the tran- 


sit), from the true amplitude, as it is called.” 
I got this rule from an old work on surveying, and 
am not satisfied myself that it is right. 
We Ee 








CAtrRO, Ills., Feb. 4th, 1876 
EpiTork News :—Will you give me data by which I 

can determine the variation of the needle at this point, 

(Cairo), the latitude being N. 37°, and longitude 12” 09’ 


mends for Boston. The work will require a large sum of | 07", the compass reading N. 3° 38’ W., and the north star 
















In this way any leak- | 
age would be readily detected, and the hole could be | 


money, but no larger than has been expended by other | having been taken at its greatest western elongation July 
cities for the same purpose ; only two-thirds as much as | 1875. I make the azmiuth angle for 1875=1° 41’ 33°. 
the city of Frankfort-on-the-Main has lately appropri- | Aon tah i wha ell ta 0 ; 

ated for their sewers, and a smal] sum when we consider | “*™ * "8 cand what would be the correct a 
the benefits which will come from it. reading ? C. Fa e 


[TO BE CONTINUED. ] 








Bloomington, Ills., pays four dollars per thousand for 


EpIToR NEws: gas, and the people very naturally are indignant about it. 
In very hot and dry weather the earth in open fields 


There were sixteen thousand two hundred and eighty- 
becomes hot from the unprotected rays of the sun. In ony 


eight patents issued for new inventions in 1875, which is 


woodland and also where covered with heavy under- | : ; 
r the largest number ever granted in any previous year. 


brush the earth is protected from the rays of the sun and 
is comparatively cool. Will those conditions, being ex-| John C. Cresson, an eminent Philadelphia Engineer, 
tremes, disturb the magnetic current, or force that keeps | died in that city Jan'y 27th, at the age of 70 years. In 
the magnetic needle on the magnetic meridian? A case | 1836 he was Superintendent of the Philadelphia Gas 
of this kind occurred recently with me which amounted | Works, and for over 30 years was its Chief Engineer, 
to 30’, while running in the woodland, the north end of | In 1838 he was chosen Professor of Mechanics and Na- 
the needle moving westward the amount above stated ; | tural Philosophy in the Franklin Institute, of which also 
all ordinary means to discover the cause were exhausted | he was at one time President. He was also Vice-Presi- 
and the movement remains unaccounted for. | dent of the American Philosophical Society. In June, 

If you find the change possible from causes or condi- | 1867 he was a Park Commissioner, and from 1867 to 
tions above named, some remarks upon the subject may | 1874 he was Chief Engineer of the Park. In addition 
| be interesting to Surveyors in sections where the needle | to these positions he was President of a railroad, and 


‘ is indispensable. ].S. Babylon, N. Y. | manager of two charitable institutions. 
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INDUSTRIAL DESICN. 


If we wish to buy a carpet for our house, after we 


have decided upon the quality, we are governed in our 
choice entirely by the pattern. In the matter of wall- | 
paper, how many rolls one will turn over to find a com- 
bination of figures and colors which pleases. The shapes 
given to china, to silver-ware, to furniture, with its or- 


namental carving, depend for their elegance upon the | 
taste of the designer. We now find men, in all of our | 


large cities, who devote themselves exclusively to inter- 
ior decoration. The use of terra-cotta in exterior deco- 


ration, relied upon by architects to relieve the sameness | 
of plain brick walls, affords another field for the same 
talent. 

This whole subject may be viewed on two sides, and 
in either light we see the benefits accruing from artistic 
design. That manufacturer who gives to his wares the 





most pleasing shapes, with harmonious and agreeable | 
tints, and ornamentation either with representation true 
to nature or with fitting artificial patterns, gains at once | 
a practical control of the market. A design which | 
pleases his customers may be worth almost any sum. | 
On the other hand, the public soon feel the influence, 
subtle it may be, but soon becoming very strong, of | 
graceful form and design, and will demand the best which | 
art can produce, being soon taught to abhor the mon- 
strosities and caricatures which now often offend the | 
educated eye. 


The designers at present in this country, at places 
where these artists are habitually employed, are gener- 
ally foreigners, most of them being French. This peo- 
ple have so long enjoyed the sight of, and association 
with, works of art, that a correct and refined taste seems 
innate, The Americans hitherto have been too much en- | 
grossed with the practical problems of life to give much | 


| Association, received a gold medal. Having been in oper- 


| faction,.and are permanently employed. 


| fully prepared papers on the subject of sewerage that has 


| commend it to the careful attention of each of our read- | 
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them to different fabrics ; study of recognized Styles and | 
of requirements of various markets; making Working | 
Drawings, adjusting patterns for printed goods to size of | 
rollers employed, and drawing oat patterns for woven 
fabrics so as to represent the threads; Technical Man- 
ipulations, Use of Instruments and Colors, Beene: | 
Reducing and Copying; Drawing from Memory,—de- 


| tails of ornament, leaves, flowers, etc.; Instruction in | 
| Manufacturing Processes, Printing, Weaving, etc. 


The instructor says that he “ Was gratified to observe 
that the American youth were easily taught, and were 
quick in comprehending and overcoming difficulties.” 
He remarks also upon the goodly share of inventive 


| genius apparent among the pupils. The designs of this 


school, exhibited at the fair of the Mechanics’ Charitable 


ation but three years, the school has been very success- 
ful. Their patterns have been sent to different manu- | 
facturers for inspection, and every manufacturer who saw 
the samples, purchased some of them, the money going 
to the pupils. Some young designers have also been fur- 
nished to the Pacific Mills, where they give great satis- 


We hope much good will flow from the efforts of the 
University of Michigan in this direction, and that the 
graduates from this new school will help to beautify and 
adorn the homes of the United States. A people who 
make their homes more pleasant and attractive insensi- 
bly find themselves benefitted. socially and politically. 





THE REPORT ON THF SEWERACE OF 
BOSTON. 


The Report on the sewerage of Boston, the first part 
of which we publish this week, is one of the most care- 


ever been presented to the engineering profession of this 
or any other country. Mr. E. S. Chesbrough, the chair- 
man of the Commission is acknowledged to be the lead- 
ing authority in America on all matters pertaining to 
the sewerage of cities, while the appointment of Messrs. 
Lane and Folsom is a conclusive proof of the professional 
abilities of these gentlemen. We are not acquainted 
with Boston and its surroundings, and do not profess to | 
have the ability to criticise the carefully delivered opin- | 
ions of the eminent men who compose the commission. | 
We give the report verbatim (excepting the preliminary 
legislation), together with the map accompanying it, and 





ers. The map will be ready next week. 





TO ENCINEERS, ARCHITECTS AND SUR-. 
VEYORS. 


Without any particular effort on our part to encourage 
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HEAT AND COMBUSTION. 
A Paper read before the ‘ Railway Polytechnic Society, 
Cleveland, Ohio, Sept. 6th, 1875. 





BY P. H. DUDLEY, C. E. 





FELLOW MEMBERS:—As previously announced, the 


| subject which I shall present for your consideration to- 
| night is Heat. The first query which naturally suggests 


itself is, what is heat? It is defined as a mode of mo- 


| tion, a form of energy, and, we may add, the character 
! 


which force assumes as the result of work or chemical 
combination between the atoms of matter. Could we 
state its exact nature under all circumstances, and in all 
conditions, it would aid us very much in our investiga- 
tions and the application of its principles. As we desire 
to be practical, doing the work which now surrounds us, 


| I have no doubt you will quite agree with me that it will 


be far better for us to consider principles which have 
been fully demonstrated, though not as fully reduced to 


| practice, than to take up our time with the discussion of 


theories which are yet to be proven. By becoming fa- 
miliar with what is known, we may hope at some future 
day to learn more of the nature of heat—the greatest 
available engineering force at our command. 

Facts or principles of science are not invented ; they 


| exist and are discovered by study and observation. It is 


not only necessary to know them, but they must be gen- 
eralized, that is—if you will allow me to use the term in 
this sense—we must be educated up to a knowledge of 


| their conditions of action, so that at our bidding the 
| mighty molecular forces may be developed into their 


greatest activity, and we may take advantage of the en- 
ergy or force liberated. 

We are all more or less familiar with our subject ; yet 
as we are all here to learn, it will perhaps be well for us 
to call to mind some of the fundamental questions or 
principles as a foundation upon which we can base our 
inquiries and investigations with certainty. 

I will state 1st, the law of “Conservation of Energy,” 
viz: a force may be transformed, not destroyed, but only 
changed as toits peculiar mode of action and not as to 
its quantity. 

2d, ‘‘ The Dynamical Theory of Heat” which asserts 
that by heat we can produce motion or work, and con- 
versly by motion or work we can reproduce heat. 

They are convertible terms, and from this principle 


| heat is now considered to be the result of motion or work, 


and not a substance as we were all] doubtless taught. I 
will strike this piece of lead with a hammer, and if the 
laws stated are true, the motion of the hammer which the 
lead arrests will increase its temperature. I will strike 


it, there has come to us a large business in supplying | it three or four times so as to make the increased tem- 


books, stationery and materials, to the profession, and al- 


attention to the beauties of decoration and ornament. | though we have been sending out goods continually, to 
This matter is now, however, assuming more prominence, | all parts of the Union, even to Oregon, California and 
and the field thus opening for our American youth of | several of the Military forts in the Territories, yet we 
both sexes, is a broad one. The inventive talent which have never received any complaints as to the quality of 
we seem to possess as a race, will here have full play, | the goods sent, the accuracy with which the orders have 
and ought to render our determined attempts in this di- | been filled, or the promptness with which they have been 


rection successful, 

The Legislature of the State of Michigan, during the 
session of 1875, in addition to several other endowments, 
established a professorship of Architecture and Design 
at the University of Michigan. This new chair has not 
yet been filled, but it probably will be by the commence- 
ment of the next college year, and we understand that 
by the term Design is intended practical, industrial de- 
sign of all kinds. 

What such a school will endeavor to teach, and what 
success will attend its efforts, we may perhaps judge from 
the Free Course of Practical Design, opened at the Mas- 
sachusetts Institute of Technology, in October, 1872 un- 
der the auspices of the Lowell Institute. The instruc- 
tor is Mr. Charles Kastner, for fourteen years designer 


at the Pacific Mills, Lowell, Mass., and formerly direc- | 


tor of the Atelier Lebert, in Paris. The pupils are 
taught the art of making patterns for prints, delaines, 


silks, paper hangings, carpets, oil cloths, etc. The pu- | 


pils in the second year numbered twenty-six, of both 


sexes. The course of study embraces,— Original De- | 


sign, or Composition of Patterns, in light and shade, flat 
or shaded tints, and in cutline; instruction in Harmony 
of Colors, and in Proportion; Variation of Patterns, 
adapting them as to form, color, or number of colors, 
simplifying or making more elaborate, and adapting 
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furnished. Our business is of course a commission one, 
and when we cannot find the goods to suit us in Chicago, 
| we send the order to be filled in New York, the fast 


| mail facilities allowing us to do so without causing much 
| 





| both in field and office will begin ; we solicit the trade of 
| the profession and feel confident that from our intimate 
personal acquaintance with all the materials in use by 
Engineers and Architects that we can fill their orders to 
their entire satisfaction. As our business is strictly 
cash—no credit being asked or given—so we are enabled 
to buy at lowest rates and to those who buy largely can 
| offer special inducements. We can supply any books 
that are for sale in any book-store, postpaid, at publish- 
ers’ rates. 





CORRECTION. 
In our Report of the meeting of the Academy of Sci- 
ences last week we made Prof. Colbert say in relation 
to his formula for the Quadrature of Conic Sections,— 


“Its simplicity especially recommends it in cases where 
| the eccentricity is nearly equal to unity, or where x is 
nearly equal to a.” It should read,— “or where x is 
| very small as compared with a2.” Also in the Report of 
| Donations “ Dashy Duck” should read ‘“‘ Dusky Duck ;” 
‘and “Rolus Elegans,” should be “Ralus Elegans.” 


delay. The season is approaching when active work | 


| perature sensible to our hands. As it is passed around 
you will notice that it is quite warm. (By dropping the 
| lead the same effect would be produced.) This was 
formerly explained by saying that all bodies possessed 
| latent heat, and by compression it was forced out. I re- 
| member that our Professor in college told us that when 
the heat was once driven gut of a substance it would not 
return. This was upon the supposition that heat was a 
substance and bodies only contained so much. How 
such a fallacy stood the test of a single day is hard to 
conjecture, as a simple experiment repeated two or three 
times, like the one we have performed would disprove it. 

I wish you to consider heat as a force, a quantity 
which is susceptible of measurement. As we proceed we 
shall find that heat may pass from one body to another; 
is carried from the boiler to the engine as steam; is 
conducted and carried away by the air, etc. Therefore 
we have the right to consider heat as a measurable quan- 
tity, and it can be measured as so much heat or in so 
many foot pounds. The truth of this will be more ap- 
parent as we proceed. We must also bear in mind that, 
while heat is raised to the rank of a measurable quantity, 
it must not be classed as a substance. The word heat 
is not strictly a scientific term, and, to avoid all ambigu- 
ity, we will use the term as meaning a certain measurable 
quantity, and use the more scientific term temperature, 
| when we wish to say how much heat a body contains. 
| We may observe many facts of science, but until able 
| to measure results, for comparison and study, our ad- 
| vancement will be uncertain, and therefore slow. Our 
sensations are too variable, our judgment tbo inaccurate 
to furnish us correct comparisons of temperature. ‘There- 
fore we take advantage of the general principle that heat 
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——_— in tac n eee 
expands bodies, and its absence allows them to contract, 
construct thermometers and pyrometers to compare 
I have here a small glass bulb and tube 


and 


temperatures. 
connected together, and into the latter I will puta 
drop of colored water. Now observe the drop ascends as 
I apply the heat of my hand to the bulb. Galileo used 
air for his thermometric substance, and for scientific pur- 
noses it is more accurate than mercury or spirits of wine. 
The scales of the thermometer in use are not al] the 
same, so we must select one for our use. It has been 
found by experiment that under the same barometric 
pressure, water freezes and boils at fixed temperatures. 
Fahrenheit divided the expansion of a body between 
those temperatures into 180 parts, Centigrade into 100, 
Reamur 80. Although the first is used for domestic 
purposes, the Centigrade is adopted quite extensively for 
scientific investigation, and we shall use it to make our 
[he results from each are convertible 
and easily compared by calculation. As 1° of Centi- 
grade is equal to 1.8° of Fahrenheit, therefore to reduce 
Centigrade to Fahrenheit, multiply the number of degrees 
by 1.8 and add 32° for the zero mark. To reduce Fahr- 
enheit to Centigrade, subtract 32°, then divide by 1.8. 
Great care should be taken in selecting a thermometer, 


determinations. 


as the common ones in use are worthless, the gradua- 
tions being all of the same length, while those nearest to 
the boiling point should be the longest. It would be 
still better to compare it with a standard and apply cor- 
rections to the readings. 

We must bear in mind that the amount of heat there 
is in a body is not implied from its temperature. Sub- 
stances have different capacities; this capacity for any 
substance is called its specific heat, e. g. the amount of 
heat which would raise 1 lb. of water 1° in heat, would 
raise, in round numbers, g lbs. of iron 1°, or 11 lbs. of 
copper, or 33 lbs of lead. 

As we shall use the specific heat of substances, I will 
give a short list; one lb. of water being taken as the 


standard of comparison, and calling it unity we have:— 
WORE. oss 0se 


gees cbtiuens — ‘ ‘ I. 

Pt art wren aaatahes be 0. 504 
Lead 0. 031 
Mercury 0. 033 
BOR. caccclectecvcscsec cscs consecseuces 0. 056 
WOR. cccsccccescccccnccsceceecssesscceses - O& 113 
Carbonic Acid 0. 216 
Carbonic Oxide. . 0. 248 
Nitrogen. . . 0. 244 
Steam... Gececedccvececcs voendeeese oO. 450 


By dividing that of water by that of any of the other 
substances, it will give the number of lbs. which will be 
elevated 1° in temperature, as compared with the same 
amount of heat required to raise 1 lb. of water 1 degree. 
The form in which the table is given is the most conve- 
nient for use. 

From this table it will be seen that water has the 


greatest capacity for heat and consequently gives out the | 


most in cooling. You now readily see why I choose 


lead to hammer, because it has so little capacity for heat, | 


and consequently its temperature is greatly augmented 


by the force of the blow. In order to measure heat we 


will adopt for our thermal unit the amount of heat which | 
is required to raise 1 lb. of water 1° centigrade ; of course | 


it is an arbitrary unit, but it gives us a unit for compar- 
ison, to measure equal quantities of heat without as- 
suming what heat is. We are after results which are 


tangible, something by which we can check our fuel ac- | 


counts, something by which we can estimate whether 


the kind of fuel is worth the price paid for it or not, as | 
the latter shows on our books, whether we recognize the | 


fact or not. 


. . o,° ae 
An instrument for measuring quantities of heat is | 


called a calorimeter. Now that we know the specific heats 
of substances, if we wish to know the temperature of a 


fire we put into it say 1 lb. of iron and let it get hot, and | 


then drop the iron into say § Ibs. of water of known tem- 


perature, and suppose we find that the temperature has | 


increased 30°; therefore we say if 5 lbs. of water are 
raised 30°, 1 Ib. would be raised 5 times 30°, or 150°; i. e. 
150 units of heat have been imparted to the water. The 
specific heat of iron is only 0.113, that of water, therefore 


seal 
se aisar 
the temperature of the fire. Unless great care is taken 
some heat will be lost, but the method is used for indus- 
trial purposes, and is about as accurate as the ordinary 
process of weighing is in business. 
Our great available source of heat is chemical combi- 
nation. This subject has received much attention, and 
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the calorific value, or number of thermal units in a Ib. « 


many substances has been determined with some degree 
of accuracy. As the apparatus is improved and more ex- 
periments are made with substances in which the volatile 
carbon has been determined from careful analysis, the 


result will of course be more correct. All the substances 


mentioned were burnt in oxygen. 
Units Cent. 
One |b, of hydrogen ? 34462 
One Ib. of carbon in the form of wood charcoal SoSo 
Carbonic oxide 2403 
Native sulphur 2261 
Olefiant gas 11857 
Ether ” : gos 
The combustion of one Ib. of carbon develops 8080 


thermal] units if the product is all carbonic acid gas. Now 
if we know the chemical composition of a fuel we can ap- 
proximate to its calorific value, also to its calorific inten- 
sity. 

For all practical purposes we need only consider the 
carbon and hydrogen of a fuel which enters into a com- 
bination with the oxygen of the air, as the sulphur forms 
so small a percentage of a fuel. 

If we take fuels which only consist of carbon and hy- 
drogen, their calorific value will be easily found by mul- 
tiplying the percentage of carbon by 8080 and the per- 
centage of hydrogen by 34462 and adding together the 
products ; however, if the fuel contains oxygen already 
combined with the hydrogen it must be deducted from 
the value of the carbon and hydrogen, as it is already 

| in combination and cannot produce any heat. 

We will try and make this plain as it may not be un- 
derstood at 


once. Wood, oak for instance, contains 


50.18 per cent. of carbon, 6,08 per cent. of hydrogen, and 
43-74 per cent. of oxygen. Oxygen combines with \% 
by weight of hydrogen to form water. Dividing the 
43-74 per cent. of oxygen by % will show us how much 
of the hydrogen will be required to form water with the 
oxygen, or §.47 per cent. This amount of hydrogen 
must be taken from the 6.08 per cent. which leaves only 
0.61 per cent. of hydrogen available to produce heat. 
The calorific value of wood will be represented by 
50.18 (carbon) XK 8080 + 0.61 (hydrogen) xX 34462= 
4054.54 + 210.21 = 4264.75 thermal units. 
It will now be quite easy for us to make a general 
formula for calculating the calorific value of one grain or 


one ]b. of fuel, consisting of carbon, hydrogen, and oxy- 
gen, in which each is respectively represented by C, H, 


| or O, viz. :— 


8080 C+ An (H -92 ), or 
8080 C + 344 62H — 4307 O =calorific value 

of a fuel to raise 1 lb. of water in our thermal units. 

The value of our fuels as determined by experiment, 
sometimes falls short of the calculated value from the 
| fact that heat is absorbed in liquification and gasification, 
| and on the other hand some of the hydro-carbons give 
| experimental, in excess of the calculated amounts. We 
need further investigation before an accurate formula can 
be given for all cases. 
[TO BE CONTINUED] 
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Report of February Meeting. 





( Reported for Engineering News. ) 


the President at the office of the Meier Iron Co., on Sat- 


urday evening, Fetruary 5th. The meeting was called | 


to order by the V ce President, Mr. Fisher. 
The minutes >f the last meeting were read and ap- 
proved. 


lin Institute, extending the use of their Reading Rooms 
| and Library to members of the Club. Moved to be ac- 
knowledged with thanks by the Secretary. 
A communication from the Boston Engineers’ Club 
upon the Metric System, was read and the subject refer- 
| red to a committee to be appointed by the chair. 


The chair appointed Messrs. E. D. Meier, Chas. Pfei- | 


fer, and Chas. A. Smith as a committee. 


ure for the University Club of this city, and which he wish- 
ed to present to the Club tor the benefit of their remarks. 
The paper was listened to with great interest, and a dis- 
cussion followed thereon. As this paper was not the 
| property of the Club it was not entered upon the records. 
| After moving the thanks of the Club to Mr. Moore, 
and to the Meier Iron Co., it adjourned. 


| 
} 





The Engineers’ Club of St. Louis met at the call of | 


The Secretary then read an invitation from the Frank. | 


Mr. Robert Moore then read to the Club a paper upon | 
“STREET PAVFMENTS” which he had prepared as a lect- | 
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GRAPHICAL ANALYSIS OF ROOF TRUSSES. 


BY CHAS. } 


GREENE, A. M., PROF. OF CIVIL ENGINEER 
ING, UNIVERSITY OF MICHIGAN 
X 

If the truss has a curved outline, the pressure of the 

wind will make a different angle with the horizon f 
every point. But there will be no sensible error if the 
pressure on each piece is assumed to be normal to its 
curve at its middle point, or, what is sensibly the same 
thing, perpendicular to the straight line joining its two 
extremities. Thus in the truss of Fig. 21, the wind pres- 
sure on C T is taken as perpendicular to a straight line 


from B to the next joint in the rafter 

We will first give the dimensions used for this truss, 
which is here drawn to a scale of 30 feet to an inch 
The span is 60 feet ; height at middle of rafters 15 feet, 
at middle of main tie 6 feet. The curves are ares of cir- 


cles, the radii of the upper and lower ones being respect- 


ively 3714 feet and 78 feet. The rafters are spaced off 
at intervals of 11% feet each way from the middle, and 
the tie is divided into 10% feet lengths. The end 
pieces will differ slightly from these measures. The trus- 


ses are 10 feet apart. From the data, radius 37'4 feet, 
and half chord or sine 53¢ feet, it is easy to calculate 
that the chord of the first piece of rafter from the mid- 
dle will make an angle with the horizon of 8° 49\’. 
The second piece will be inclined three times as much 


or 26° 28’, and the last, five times as much or 44° of 


The intensity of normal wind pressure will then be, when 
interpolated in the table of article VIT, 8.6 Ibs. per square 





feot for the upper length, 23.7 Ibs. for the next length, 
and 35.6 lbs. for the lowest piece. Multiplying these in- 
tensities by 1114 X 10, we get 989 Ibs., 2725 % Ibs., and 
4094 Ibs. respectively, represented by the small arrows, 
as if concentrated at the middle points of E, D and C. 
The steady load is taken at a small figure, 2300 Ibs. per 
piece of rafter, to allow the disturbing effect of the wind 
to be more marked. 

It is proposed that the diagonals for this truss shall be 
light iron rods, not adapted to resist compression, and 
therefore, if a compressive stress would occur in a par- 


| ticular diagonal, in case it were alone in a panel, we sub- 
stitute the other diagonal, which will then be in tension 
This statement was explained in connection with the 
trapezoidal truss, Fig. 13. In lettering the figure, that 





Entered according to Act of Congress, in the year 187s, by 
Charles E. Greene, in the Office of the Librarian of Congress, 
at Washington, 
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tie which is required for a particular distribution of load 
is supposed to exist, and the other diagonal is not taken 
Thus, considering the panel through which 
the dotted arrow is drawn, if the brace which goes from 


account of. 


the top of O P to the bottom of Q R is under stress, it will 
be called PQ, while the rafter will be Q E and the bot- 
tom tie PA. 
will be called P E and the main tie QO A. 


If the other diagonal is strained, the rafter 


The diagram for weight of roof and truss is first drawn 
by laying off the loads from # to 4 and then taking up 
The scale is 8000 Ibs. to an 
On taking 


the next joint in the top or bottom member, we find 


the joints in succession. 


inch. The point of support B gives c da? c. 
three pieces whose stresses are unknown. Both diagonals 
K S cannot be in action as ties at once, therefore suppress 
one, for instance, that which runs to the upper end of 
ST. We shall then have only two unknown stresses at 
the upper joint, and can draw ¢s’ and s‘ d. 


joint will then give s’ 7, fa,ar’, 9 8’. 


But 7’ s’ will be 
a compressive stress, as we just moved trom 7” to s’. 
This diagonal is therefore not the right one. Taking the 
other, and trying the lower joint first, we have /a sf, and 
the upper joint then gives dctsrd. 


us, and rightly, to take the other diagonals which slope 


the same way, as far as the middle, and then, because of | 
symmetry of load, we take those which incline the other | 


way. 


cide which diagonal to reject and which to retain. 


It will be seen how small the stresses are throughout | 


the bracing, compared with those in the main members. 
If dy had been slightly more inclined so as to strike s, 
no diagonal R S would have been required for this distri- 
bution of load. All of the pieces of the lower member, 
being denoted on one side by A, will have their stress 


lines radiating from a. The length of 44, etc., as com- 


pared with that of H K, etc., shows the necessity of draw- | 


ing the truss skeleton on a large scale, so as to secure 
parallelism of the respective lines in each figure. 

We may analyze the effect of the wind separately upon 
the truss, but, as there is a likelihood that the wind will 


reverse the stress on some of the diagonals which expe- | 


rience tension from the steady load, and that we shall be 
obliged, therefore, to substitute the other diagonals in 


such panels, it seems better to draw the diagram for the | 


wind and the weight of the roof in conjunction. After 
it is constructed, by comparison with the diagram for 


vertical load, just drawn, what portion is due to wind | 
The two diagrams | 


alone can doubtless be ascertained. 
marked W. R. and W.L., are drawn for the maximum 
force of wind on either side, combined with the weight 
of the roof, etc. 

It will be seen that the external load line 4/ of one 
case is the exact reverse of 7 of the other. An expla- 
nation of the construction of W. R. will suffice for both. 
As the wind blows from the right, there is only the 
steady load on the left half of the truss. Beginning 
therefore with the joint at I, we will lay off vertically 47, 
equal to one half the load on H K, or 1150 Ibs. Next 
g h = 2300 Ibs., load at GH, and so on, corresponding 
exactly with the load line of the steady load diagram, 
discussed before, as far as the joint FE. Here we find, 


in addition to 2300 lbs, vertical pressure, an inclined force | 
perpendicular to the tangent at E, or to the chord of | 
the piece, and equal to one half of 98g Ibs., the wind | 


pressure before computed for E. 
line as far as e¢ in the diagram. 
manifestly made up of the other half of 989 Ibs., of the 


This gives the inclined 


vertical 2300 Ibs., as usual, and finally of half of 2725% | 


lbs. from the next length of rafter. The forces for the 


remaining joints C D and BC will be plotted in the same | 


manner, and we therefore see that, commencing at B, as 
is proper for this load line, we lay off the vertical and in- 
clined forces in regular succession from one side of the 
truss to the other. 
from ¢ tod, it will be the resultant of the combined 
forces at CD. 

Connect 4 with ¢ by the dotted line. This line will be 
the resultant of all these forces from @ to #. 


tributed, acts in the line of the vertical O P, and hence 
through the centre of curvature of the rafters, and as the 
wind pressures all point to the same centre of the circle, 
the resultant 47 must pass through the same point. There- 
fore through that point draw the dotted arrow parallel to 


or. This arrow cuts the span BI, by measurement, at 


hf scales 20,620 Ibs 


The lower | 


Analogy will lead | 


It is therefore easy, after the first attempt, to de- | 


The next joint gives de, | 


If one desires to draw a straight line 


As the re- | 
sultant of the dead weight which is symmetrically dis- 
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parallel to this resultant, it would be found by taking 
moments about I, when we should have 


B X 60= 20,620 X 34.76 or B=11946 Ibs. 
Lay off this force from 4 to a’. As rollers are placed at 


B, the reaction must be vertical, and the horizontal com- | 


ponent of a’ d must be resisted at I. 


Let fall 4 @ verti- | 


| 


cally, determining the point @ by drawing a’ a horizon- 


tally, and connect a with ¢. 
will be z@ and ad, 


If there are no rollers under the truss, pay especial 


The two supporting forces 


Feb. 19, 1876. 





section, to safely withstand a tensile stress of about 2400 
Ibs, they will be as nearly adapted to the case as is prac 
ticable, and the suspending pieces may be proportioned 
to a stress of 1600 Ibs. The two compressions, marked 
+, are too insignificant to require an increase of sectior 
If a fall of snow is supposed to be uniformly distribu- 
ted over the roof, the increased action of the several] 
pieces of the truss can be readily obtained by proportion 


| from column §,L. But, if it is thought that the incli- 


heed to what was said in regard to Fig. 19, and find the | 


supporting forces tor each oblique pressure separately. 
This same thing must be done when the curve of the 
rafters is not circular, as the forces will not then meet at 
|} a common centre. 
will come nearer to 4 than to 7,—that is the quantity 
just obtained applies te the point of support I,—and @ 
| falls very near to, but just outside of /, in the prolonga- 
| tion of the vertical line. Having thus completed, in 
either case, the polygon of external forces, the remain- 
| der of the construction will be made as in any example. 
After the first trial to ascertain the proper diagonal, it 


so that, for wind on one side, one set of diagonals is in 
are strained. 


two sides and the diagonal, of drawing the diagram so 
as to give compression on a diagonal, is shown in the 
| W. L. figure for the panel PQ. Instead of o f and ¢ r, 
| we get of’ and g’r, considerably increased in amount 
| but the same in kind; for ef and aq are substituted 
eq’ and af’, unchanged in kind, but practically what is 
| taken in amount from one is added to the other; while 
| the diagonal stress is, as we said, reversed, but very near- 
ly the same in amount. 


It might be practicable to deduce some rule for deter- 


We 
find it convenient to draw the lines parallel to the rafter 
and main tie, as ¢f and a #’, first, then sketch roughly 
| two lines for the suspending piece and diagonal, and see 
whether that diagonal comes in tension, finally draw the 
| right ones carefully. It is not necessary to put signs of 
+ or — on these lines, for it may be seen that all the 


draw a line, but the tentative process seems easy. 


ber extended, and all the diagonals in tension, as well as 
all of the suspending pieces except O P and QR, which 


mum wind comes from the right. Such pieces are easily 
selected, if one notices that of and gy are drawn in a 
direction opposite to the common one. 

The stresses are tabulated below. The lengths of rafter 
are denoted in the table by a single letter. The pieces of 
the main tie, having the letter A in common, have also 
the letters which stand before the stresses in the proper 
|columns. The inclination of the diagonal is shown by 
the sign prefixed to the stress. The effect of the wind 
| on the right is to materially reduce the stress on a 
The light bracing re- 


large portion of the main tie. 





resemblance to a curve of equilibrium for a load concen- 





S.L. |W. RR.) Web. + 


(C 12,600 || 18,900 | 16,200, 18,900 
| D 11,400 || 17,500] 15,600] 17,500 
| Rafters E 10,800 || 15,000} 16,200} 16,200 
spb } F 10,800 || 13,300 | 17,900 | 17,900 
| G ..| 11,400 12,700 | 20,100} 20,roo 
| H ..| 12600 |) 13,100 | 21,800 | 21,800 
(|K 9.600 /K  §,500/K 19,500! 19,500 
| |L g,500);|L 5,500 M 18,000} 18,000 
Main Tie.. A \N 10,400,,N 7,200,10 16,000, 16,000 
en wenn } Q 10,400'P 9,000.Q 14,200! 14,200 
S 9,s00/R 10,900/S_ 12,300! 12,300 
| |T 9,600)|T 12,800/T 12,300) 12,800 
| 
(LM \. 900 |] \.1,800 | 1,800 | 
| Diago-) | N O| “ 4oo |) “ 2,100 | “ 2,400 | 
nals. § }P Q) / 400 || “ 2,400! “ 2,200 
LR S| ‘ goo || “ 2,200} “ 2,100 | 
. ra 
{K Li 1.200 || 700} 1,200! 1,200 
le MN _ 1,000 200 | goo | 1,000 
— t } ae goo |) + 100 | 700 goo 
. QR 1,000 ||} + 50! 1,000}; 1,000 
S Tj _ 1,200 ll 400} 1,600} 1,600 


| trated at a series of points. 


wrought iron. If the diagonals are all made of the same 


In the W. L, diagram the point a’ | 


nation of the portions near C and H is too great to ad- 
mit of this approximation, a new diagram for snow 
should be drawn. The horizontal projection of a piece 


| of the rafter is properly taken when reckoning a snow 
| load. 


appears that, in each case, the diagonals all slant one way; | 


tension, and, for wind on the other, all of the other set 


The effect on the five pieces of a panel, top, bottom, | 


We think the reader will have no difficulty in drawing 
| diagrams for a truss of similar outline, but with only one 
system of triangular bracing, something like the Warrer 
Girder of Fig. 15. 


ANTIQUITIES OF THE AMAZON RIVER. 








A Lecture given by F, B. Steere, Esq., before the Anvr 
Arbor Scientific Association. 





j ( Reported for Engineering News. ) 


Saturday evening, Feb. 5th, the above association held 


| its regular monthly meeting. The preliminary business 


parts of the rafter are compressed, the whole lower mem- | 


are compressed to a very small amount when the maxi- | 


quired is a marked feature of this type of truss, due to its | 


| having been disposed of, Mr. Steere gave a lecture upon 
| some of the ‘Antiquities of the Amazon River and Peru.’ 
| The long table was covered with specimens of pottery 
| which he had collected in South America. 
He said the Amazon flowed through a belt of flat lands, 
some thirty miles wide, annually overflowed by the back- 
water of the river, and possessing vegetation peculiar to 
itself. Back of this overflowed belt lies a strip of high 
alluvial land, usually cut into gullies by the rains and 








mining beforehand, parallel to which diagonal one should | Presenting the appearance from below, of a table land 


At its mouth the river forms a delta, included in which 
is the great island of Marajo, which is about 150 miles 
across. Upon it are found some peculiar and interest- 
ing remains, called by the residents ‘‘ Islands,” which 
consist of great accumulations of earth, whose height 
after ages of washing, is about twenty feet above the 
surface of Marajo. They are very numerous, and some 
of them cover from one to one and one-half acres. In 
them are buried pottery and other relics of the people 
who built them. It is believed that these “Islands” 
were built by this people to secure themselves from the 
floods of the Amazon. There seems to have been no 
stone within the reach of these people. Their dead are 
found buried in great urns of pottery, in shape like a 
} common stone jar, with covers. The pottery exhibited 
| was much defaced by exposure. All the markings on 
the fragments showed the same general characteristics. 
Up the river, at Santarem, were found great piles of 
shells, old pottery and various relics. Back of the town 
upon the rising ground are what are there called the 
“Black Lands”. These contain large accumulations of 
broken pottery, stone axes, pieces of idols and similar re- 
mains, At Erere were found painted cliffs on a small 
mountain called Mount Erere near Mount Alegre. At 
Obidos are rocks with great characters, some of them 
| four feet long, grooved into them. The grooves will re- 
ceive the two first fingers of a man’s hand, and are 
rounded. The stone axes which were found at various 
points upon the lower Amazon were regarded as having 
been brought there by trading Indians from the moun- 
tains. The whole flooded belt of the Amazon is regard- 
ed as the possible burial place of a race. This belt is 
now so thickly covered with forest growths that it is ex- 
tremely difficult to examine it for relics. 

The method of making pottery now practiced by the 
natives is as follows. The clay is mixed with the ashes 
of the silicious bark of a certain tree. It is then made 
out into rolls the size of one's finger and six or eight 
inches long. The pot is built up by first laying these 
rolls round each other so as to form the circular bottom, 
and then gradually curving upwards with the work, ad- 
ding new rolls, their lengths extending round the pot. 
The inner and outer surfaces are continually smoothed 
he compacted with the hand and a smooth stick or 





shell. When the desired shape and size is reached the 
pots are painted with ground earths mixes’ in water. 


The predominance of tensile | They are then burnt by piling sticks about each as it sets 
25.24 feet from B, or 34.76 feet from I. ‘The resultant | members makes it well adapted for construction in 
If the supporting force at B were 


| on the ground and firing them. While the vessel is stil! 
| hot it is covered with a coat of the resin of the Jutai tree 
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which hardens into a kind of glazing. The pots shown 


were apparently as round asifturnedinalathe. Thena- | 


tives of the Paras and Ucayali make superior pottery 
and trade with it among the people of the Amazon. 


A description of an immense rainless region on the | 


upper part of the river, was followed by an account of 


the interesting ruins of Quillip, about 20 miles northwest | 


of Chachapoyas, in the mountains. These ruins are on 
a point of a mountain about 11,000 feet above the Pacific. 
The ground has been terraced, a retaining wall thirty to 
fifty feet high built, and filled in behind with small loose 
stone and earth. This wall and a precipice enclose a 
space about half a mile long, and several hundred feet 
wide, the wall extending round the larger portion. This 
wall is built of stones, four or five feet long, two to three 
feet wide, and twelve to eighteen inches thick, laid up in 
courses without mortar. The stone is limestone, rudely 
dressed, without sharp corners. At the upper end of 
this terrace is a second, inside of, and above it, and of 
about one-third the length of the first. Its walls are 
similar in every respect. The entrance ways to the first 
terrace are from opposite sides, are covered, and open 
into a circular space surrounded with places for defend- 
ing the inner openings. But one or two can pass along 
these passages at once. The openings in the walls are 
triangular. A similar passage, now fallen in, once fur- 
nished entrance to the second terrace. On the lower end 
of the first terrace is a round tower, constructed of lime- 
stone, 30 feet in diameter at its base, 35 feet at its top, 
and 30 feet high. There are quantities of human bones, 
pieces ot pottery, and broken relics in the earth, at its 
base. Many of the great stones of the walls have been 
removed by a more recent race, bodies have been placed 
in cavities behind them, and the stones have been re- 
placed, 

Many of the valleys of the Andes are terraced with re- 
taining walls 5 to 7 feet. These walls are built of heavy 
rough stone to obtain a strip of tillable earth scarcely 
wider than their height. Quite a distance up the moun- 
tain sides are found the remains of the ditches that once 
srought the water from some source, miles away, to irri- 
gate these terraced farms. No use is now made of these 
very extensive works. The people who lived in these 
valleys seem to have buried their dead beneath their 
houses and accumulated materials about them till obliged 
to build again above their first dwelling. This has gone 
on till the tombs’are three in depth. They are of circu- 
lar form, built of stone, with over-hanging walls, the 
narrow opening at the top is covered with a single stone. 
The 
occupants seem to have been re-wrapped in a new wind- 
ing-sheet at intervals. 


Each seems to have been a kind of family vault. 


With the dead were found bags 
of cocoa leaves and little cases of lime for chewing, 
slings about the necks of the men and boys, and thread 
for knitting in the hands of the women and girls. 

At Cajamarca are found the first remains of the Incas, 
The place of the death 
of Atahualpa, the last of the Incas, was in a stone build- 


who were a stone using people. 


ing now standing. This building is laid up without mor- 
tar, of stone of from three to six sides, not laid in cours- 
es, and each stone so carefully fitted, (possibly ground), 
to the one next to it that a knife will not go into the 
oints. The building resembles a truncated, rectangular 
pyramid, the walls having a great deal of batter. The 
lecendants of the Incas were found high up the moun- 
tains, degraded and debased to a remarkable degree. 
rhe ancient Incas could not have been the brave race 
they are usually reported. 
tain people. 


They were probably a moun- 


From the mountains Mr. Steere proceeded to the plains 
f the Peruvian coast. He gavea detailed account of these 
sandy plains; of the crowded dead that fill large tracts 
of them and their mat-covered tombs, three deep; of 
the living who rob the graves of the dead for the pots 
and trinkets they are likely to find there ; and the cur- 

us relics of this countless multitude of forgotten be- 
ings. 

After Mr. Steere’s lecture, and the ensuing discussion, 
Mr. Kimball presented a fac simile copy of an inscribed 
tablet from an Indian mound near Rockford, Ills. He 
gave the facts concerning his present, and received the 
thanks of the Association for it. 

After passing a unanimous vote of thanks to Mr. 
Steere, the meeting adjourned. 








We solicit Correspondence from all parts of the coun- 
try. 


ooo 2 


ENGINEERING NEWS. 








SELECTED LIST OF PATENTS 
For the week ending February | ith, 1876. 


Relating to Mining, Metallurgy, Engineering, &c., reported for 
| ENGINEPRING NEWS > Sauk Bas er & ee. 4 


Solicitors of Patents, Washington, D. C. 

172,637. Mining Machines. 
Waynesburg, Ohio. 

The main frame carries a sliding frame and driving 
mechanism, which latter is connected with the culter 
shaft by means of an endless chain. The sliding frame 
is advanced by a nut upon the screw-rod, operated by 
and connected with the driving mechanism. 

172.654. Steam Vacuum Pumps. W. E. Pratt, Wash- 
ington, D. C. 

Steam confined in the recess, when the valve has 
closed one port and opened the other, assists in moving 
said valve upon a reduction of pressure in the other port 
caused by condensation or exhaustion of steam in the 
pump with which it connects. 

172,691. Apparatus for Extracting Mercury from its 
Ores. Hippolyte Berrens, Barcelona Spain. 

The condensers are lined with charcoal to facilitate 
the condensation of the metallic vapor, and are made in 
the form of double cones, the lower half being embedded 
in the ground, the upper half being covered or partly 
covered with water. 

172,77 Gas-Regulators. Isaac Rehn, Philadelphia, 


Francis M. Lechner, 


ire 
Pa. 

A gas check or regulator, in which a flange or shoul- 
der is combined with a movable disk having notches or 
openings, arranged to be closed by the said shoulder when 
the disk is raised. 
Drive-Well 


172,721. 
N. Y. 

A perforated tubular section provided with a surround- 
ing perforated jacket or strainer, whereby a means is af- 
forded for the inflow of water for testing purposes with- 
out disconnecting the point; also a double perforated 
tube or strainer extending above and below the point- 
coupling, whereby the said strainer, when exposed to the 
water, shall be practically free from corrosion. 


Points. Jas. Doland, Islip, 





The new narrow guage R. R. from Boston to Haver- 
hill will be thirty miles long and as nearly an air-line as 
possible, making the distance six miles shorter than by 
the present Boston and Maine route. There will be 
branches to Lawrence, Andover, Groveland, and also to 
Revere Beach where it connects with the Lynn narrow 


guage. 





Proposals for Contracts. 


We call the attention of our friends to the importance 
of the List of Contracts which we are endeavoring to 
make a feature of our journal, and we request thrt they 
will assist us in making it of interest by mailing us local 


papers containing “Proposals for Contracts,” or sending 


us slips cut from such papers. It takes time to get into 


good running order, but we will accomplish our purpose 
after a while to the satisfaction, we trust, of the large num- 
ber of our readers who are interested in this subject. 


PROPOSALS FOR EXTENDING GRISWOLD STREET SEW- 
ER.—Sealed proposals will be received at this office until 
Friday, February 25, 1976, at 10 o'clock A. M., for fur- 
nishing all the labor and material, except water lime, and 
build and finish complete, together with the backfilling, 
according to the plans and specifications on file at this 
office, a brick sewer in Griswold street, from the north 
line of Michigan avenue to the north line of Grand Riv- 
er avenue. 

Alex. Chapoton. President Board of Public Works. 

Detroit. February 15, 1876. 


TENDERS FOR COAL.—Tenders are invited for the fol- 
lowing quantities of Steam Coal, viz: At Brockville, 
10,000 tons net; At Toronto, 20,000 tons net; At the 
International Bridge, Black Rock, 60,000 tons net; At 
Detroit Junction, 5,000 tons net. Tenders will be re- 
ceived by the undersigned on or before the first day of 
March, 1876. Joseph Hickson, (General Manager 
Grand Trunk Railway Co. 

Montreal, February 11, 1876. 


ROOFING AND CORNICE WORK AND ORNAMENTATION. 
—Notice is hereby given that the State House Commis- 
sioners will receive proposals to furnish in place, com- 
plete, the metallic cornices, caps, and covering of the 
upper dome, including the lantern, and the ornamenta- 
tion of the mansard roof, turrets, and dome. Separate 
bids will be received, first for the roofing and cornice 
work, second, for the ornamentation. The plans and 
specifications for said work may be seen, and printed 


specifications will be furnished, on application at the of- | 


fice of A. H. Piquenard, Acting Architect, in the new 
State House, on and after the 21st day of February, 
1876. Proposals will be open at 12 o'clock noon, March 
4th 1876, at Springfield. A. H. Piquenard, Acting Arch. 

Jacob Bunn, John T. Stuart Jas. H. Beveridge, Com- 
missioners. 

Springfield, Ill. Feb. 2, 1876. 

Convict LaBok TO LET.—Sealed proposals will be 
received by the undersigned up to I o'clock p. m. Feb- 
ruary 26th 1876, for the labor of from 100 tu 250 con- 
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victs. For further particulars address the undersigned, 
or R. W. McClaughry, Warden of the prison. Wood- 
bury M. Taylor, John M. Southworth, Robert D. Nole- 
man, Commisstoners Lilinots State Penitentiary. 

Joliet, January 21, 1876. 


PROPOSALS FOR SEWER PipE.—Proposals will be re- 
ceived at Sewer Department, City Hall, Boston, till 
March 1 for the whole or any part of 20,000 feet of 12- 
inch vitrified sewer pipe, including 1,000 6-inch branch- 
es. Apply as above for specification and form of propo- 
sal. Clinton Viles, Chatrman Committee on Sewers. 


PROPOSALS FOR IRON.—Sealed proposals are invited 
to furnish, delivered at this Arsenal, the following: 30,000 
Ibs. of 12-inch wrought iron | beams. 
inch wrought iron deck beams. 
wrought iron | beams. 20,000 lbs of T iron from 2% in 
x 3% in. to 2% in. x 5% in. round bar 
iron from 3% in. to 24 in. diameter. 38,000 Ibs. of flat 
and square bar iron, various. Proposals will be opened 
at 10 a. m. March 10, 1876. For full bill of iron, spec- 
ifications for quality, and other information, apply to the 
undersigned. D. W. Flagler, Wajyor of Ordinance. 

Rock Island Arsenal, [1]. Jan. 29, 1876. 


55,000 lbs. ot 7° 
Ibs. of 4-inch 


105.006 


56,000 lbs. of 


ELECTRICIAN WORK.—Proposals for the electrician 
work for the new Capitol, at Lansing, Michigan, includ- 
ing all the necessary apparatus for the lighting of the 
gas, also for operating the call bells, annunciators, etc.— 
either separately er in connection with the gas lighting— 
will be received by the Board of State Building Commis- 
sioners until 12 o'clock noon on Tuesday, March 7. 1876, 
and will be opened at the office of E. E. Myers, architect, 
Detroit, at 8 o’clock p. m. of same day. John J. Bagley, 
Governor. E. F. Grosvenor, James Shearer, Alex Cha- 
poton, State Building Commissioners. Allen L. Bours, 
Secretary. 

Lansing, Mich., February 4, 1876. 


J. W. ATKINSON, 


Slate and Tin Roofing, 


GALVANIZED IRON CORNICE, 


Elevator Buckets, Furnaces, Ranges, 





Registers and Ventilators, 
Xr f Jobbing 


g in Sheet Metal. 


313 to32i So. Clinton St., 
NEAR HARRISON STREET, CHICACO. 


HELLER & BRIGHTLY, Engineering and Surveying !n- 
struments, 33 N. Seventh St., Philadelphia.  4,0€ MA 
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-y have made from the 
fransit are decided improvements.” 
Joun C. Travrwins, Chairman 


Descriptive and Illustrated Price List sent Post-paid, on Application, 


me PATENTS. 


Subscribe for the Western Scientific Journal. It contains all 
steps necessary to obtain letters patent, decisions of courts on 
patents, and much scientific reading. Only 75 cents per year in 
advance. Address 








WILSON & MORRIS, 


Peoria, fi. 


‘JAS. R. WILLETT, 
ARCHITECT, 


85 DEARBORN STREET, CHICACO 


ROOM 22. 


- CHARLES J. MOORE, 
Civil and Mechanical Engineer, 


ROOM 27 239 BROADWAY, NEW YORK. 


Examinations, Surveys and reports made, and Plans and Esti 
mates furnished for Ralvaadia: Mines, Drainage, Sewerage, 
Water Supply, and all class of engineering works and 
structures. Designs and calculations made for Arch- 
itects, for roofs, floors, &c., in timber and iron. 





INVENTORS. 


send us 
a mode) or sketch and a full description of your invention. We 
will make an examination at the Patent Office, and if we think 
it patentable, will send you papers and advice, and prosecute 
your case. ADVICE FREE. 
Send stamp for our “* Guide for Obtaining Patents.” 


Address:—-LOUIS BACCER & CO., Svlicitors ot 


Patents and Counsellors at Patent law Washington, D. C. 
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tye ot A. B. Stone,New York, President. Edward Hemberle, ates . 
: H. A. Rust, Vice Pres. & Gen. Man W. G. Coolidge, Secy, (""#™ Pot 
Manufacturer 1 Builders of 
BRIDGES, ROOFS 


Turning-Tables, Pivot Bridges, Iron Trestles, Wrought 
Heavy Castings, General fron and Foundry 
BULLDERS OF 


PNEUMATIC, MASONRY, AND SCREW-PILE 
SUBSTRUCTURES. 


upon the principal Railroads in the U 
xtent of products of Works. 
, Specifications and Lith« 


Iron Columns, 
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ind Root nited States illustrate designs and 
attest the character and « 


rrp osals accompanied by Plans i 
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WORKS: CorEgan and StewartAves. OFFICE: 21OLaSalle St, cor Adams. 
Address, THE AMERICAN BRIDGE CO., Chicago. 


LIST OF BOOKS FOR SALE 


AT THE 


Engineering News. 


Agriculture, &c. 


OFFICE OF 


Drafting Instruments and Opera- 


DOWNING. tions, 1 vol, 12me, cloth....... $r 25 
Fruits and Fruit Trees, 8vo. cloth, $5 oo Elementary Projection Drawing, 
: : Sa 1 >} c 
Selected Fruits, r2mo, cloth,..... 2 50 | i vol, 12mo, cloth, tenes seee- IT §0 
KEMI | Elementary Linear Perspective, 1 
Landscape Gardening, 12mo, cloth, 2 50 | vol, r2mo, cloth, see eeeeercens I 00 
LIEBEG Descriptive Geometry, I vol, 8vo, 
Agricultural Chemistry, 12mo, | 4 cloth, CEA se ¢ Mesh e Tes ete ae ny 6 4 00 | 
Dieta Ds eran panes Ras oe 100 | Shades and Shadows, 8vo, cloth,. 3 50 
Letters on Modern Agriculture, Higher Linear Perspective, 8vo, 
12mo, cloth,....... 100 | cloth, sreceeees peter e eran 4 00 
lrinciples of Agricultural C hemis- Machine Construction and Draw- 
try, ramo, Cloth, ....s.ss0s 75 | Oe Err ree Cr terete 7 50 
| 


Assaying — Astronomy. Engineering. 
BODEMANN. 


[reatise on Assaying, 


MAHAN. 


12mo, cloth, 2 50 Civil Engineering. Revised by 


Vau It® and Si DEWALK 


1d Roof Lig rhts 


inton a 


d Jacks 
NICKEL & STRASSBERGER, 


Surveying Instrument Makers. 


28 & 13 





Transit Compasses, 


Engineers’ and Surveyors’ Transits, | 


Surveyors’ Compasses, 


LEVELS, 


LEVELING RODS, 


CHAINS, 


Steel and Metallic Tapes, &c. 


Photographs and price lists sent on application. 


Repairs promptly attended to, 


Established 1820. 


Wititiam J. Younc & Sons, 


MATHEMATICAL and 
ENGINEERING 


Instrument Makers. 


43 North Seventh Street, Philadelphia. 


Tapes, Compasses, 
| Draughting Engineering 
Instruments, Stationery 


| 
MITCHELL Prof. Wood. I vol, 8vo, cloth, § 00 
Manual of Practical Assaying, 8vo, | Stone Cutting and Fortifications, 
MM ee re its i. 10 00 8vo, cloth, a6 ote Mw a ewes Digs I 50 
NORTON. Industrial Drawing, 5vo, ........ 3 00 
Treatise on Astronomy, $vo,plates, Field Fortification, 8vo, cloth,... 3 50 
Rai re ete eed ae 3 50 Permanent Fortification. Revis- 
3 | ed by Prof. Wheeler. 8vo, cl, 6 50 
Chemistry. Advanced Guard and OQut-post, 
CRAFTS | Sina: MIEN ia 6 oad cc a de a I 50 
Qualitative Chemical Analysis, Moseley’s Mechanics of Engineer- 
"MI 5 Seta el ans a I 50 | ing and Architecture, 8vo, cl., 5 00 
JOHNSON. Bressee'’s Hydraulic Motors, Wat- 
' Fresenius’ Qualitative Chemical | er Wheels, etc., 8vo, cloth, 2 50 
Analysis, 8vo, cloth, .......... 4 50 WARREN, S. E. 
I’resenius’ Quantitative Chemical | Stereotomy —Stone Cutting, etc. 
Analysis, 8vo, cloth, .......... 6 00 ON Ro gas cos K dw ele ow 2 50 | 
MILLER. | WOOD. 
Chemical Physics, 8vo, cloth, .... 4 00 | Treatise on the Resistance of Ma- 
Inorganic Chemistry, 8vo, cloth, . 6 00 Cente. BPG, CIOT Rk ks inccccvesen 3 00 
Organic Chemistry, ‘Svo, cloth,.. .10 00 Treatise on Bridges and Roofs, 
or the 3 vols, $18 00. ONG: WE Ganenctesyecacuesc 3 00 
ge ot ee ron, Metallurgy, Be 
PERKINS, " BODEMANN. 
Qualitative Chemical Analysis, Assaying of Lead, Copper, etc. 
Rieti RRMNS secs han Sewn ko nd ee 12mo, Cloth,.........++s.eee- 2 50 | 
rHOKPE. CROOKES. 
Quantitative Chemical Analysis, Kerl’s Metallurgy of Silver, Gold, 
 pamo, cloth, .........5. Sree 75 etc. 1 vol, 8vo, cloth,......... 10 00 
Do. of Copper, Iron, etc., do. 10 00 
Drawing, &c. Do. of Steel, etc., 8vo,.........10 00 
COE, Machinists, Mechanics. 
Drawing for Little Folks, neat | WILLIS. 
sorte ea i via eae ie ~ Principles of Mechanism, 8vo, cl. 7 50 | 
First Studies in Drawing, 3 nos, WARREN. 
meat cover, each,........ ” Machine Construction and Draw- | 
Cottag es andI ntroduction toL and- ing, 2 vols, 8vo, plates, ....... o- 
scapes, 4 nos, neat cover, each, 20 | = ae 
Easy Lessons in Landscape, 4 nos, Mineralogy. 
neat covers, each. ..........0. 20 BRUSH. 
Heads, Animals, &c, 3 nos., neat Determinative Mineralogy, Blow- 
_ covers, SAGE, 40tssasseiace se 50 pipe, etc. 1 vol. Svo,.......0. 3 00 | 
RUSKIN. DANA, | 


Elements of Drawing, 12mo, cloth I 00 
Elements of Perspective, 12mo,.. I 00 


Descriptive Mineralogy, 
Steam Engines, &c. 


Hand-book of Oil Painting, 12mo, TROWBRIDGE. 


8vo, cl,..10 00 | 


CURD sis onshsta tives ardecee 2 00 Tables of Non-Condensing Station- 
SMITH. ary Engines, gto... s<...05500 2 50 
Popographical Drawing, 8vo, cl... 2 00 Heat as a source of Power, etc. 8vo, 
Linear Perspective, 8vo. cloth, 2 00 GUE ccwake neds ecaneee suas 3 50 
WARREN, eR 
Elementary Free-hand Drawing, 1 Ventilation. 
VOL, THM, Cloth... cccvevsees 75 LEEDs. 
Elementary Plane Problems, 1 vol. lreatise on Ventilation. Colored 
PO VE. 5.55 schan deca I 25 plates. 8vo, boards,.......... 2 50 








Improved 
Chains, 


Transits and Levels, 


Aneroid Barometers. 


Photographs on application. 


“« Lights. 


Brown shen: Manufacturing Co. 


N. W. corner ¢ m sts., Chicago, 


South Clark Street Chicago, Llinois. 


} 
| 


| 


| 











B. 
MATHEMATICAL INSTRUMENT 


Feb. 1s 1876. 


Contractors’ ‘Directory 


Public Works. 


The American Bridge Co. 


See Advertisement, 


- Conro, Carkin & Co., 


4 South Clark Street, Chicago, II!, 


FitzSimons & Connell, 


100 Washington Street, Chicago, I 


Wm. B. Howard, 
Room 16, Metropolitan Block, Chicag 


J. E. Miller & Co. 


34 South Clark Street, Chicago, Ul, 


Ray & Whitney, 


West end 12th Street Bridge, Chicago, | 


A Steel & McMahon, 


86 LaSalle Street, Chicago, MI. 





Gas and Water Works. 


T. B. Farrington, 


103 Washington Street, Chicago, Il. 


Railways. 





John H. Gutches, 
84 La Salle Street, Chicago, Il. 
. 
Bridges. 


‘The American Bridge Co., 


See Advertisement. 
Wells, French & Co., 
144 Dearborn Street, Chicago, Il. 


Mason Work. 


‘Busse . & Sturtevant, 


126 Des arborn Street, Chic ago. 


T. E. Courtney, 


87 Washington Street, Chicago. 











Cox Brothers, 


Prairie Avenue, Chicago. 


Pavements. 


D. D. I McBean, 


Room 4, 79 Dearborn Street, Chicago, I 


1639 





James C. McBean, 
77 Clark Street, Chicago. 


J. B Smith, 
151 Randolph Street, Chicago. Ill. 


__ Asphalt Paving. 


J.L. Fulton & Co., 


174 LaSalle Street, Chicago. 


Sewer Pipe Manuf’s. 


Cladding, McBean & Co., _ 


Lincoln, Placer Co., Cal. 


KRATZENSTEIN, 


Successor to F. Arnold & Co., 


MAKER. 


Surveyors’ and Engineers’ Instruments made t 


order and repaired. 
157 State Street, Chicago, Ill. 
Formerly 114 Randolph Street. 


To City and Railroad Engineers 


The letting of Contracts throughout the country is usually ad- 
vertised only in such local papers as have contracts for city 


printing ; 


parties who wish to take contracts must therefore 


subscribe for a large list of newspapers, or else confine their at- 
tention to local work. We have on our subscription list a con- 


siderable number of the leading Contractors 


of Chicago and 


other cities, and we propose to consult the interests of their 
class by publishing a schedule of contracts to be let in the prin- 
cipal cities and where public improvements are being projected. 
City and Railroad Engineers throughout the country are re- 
spectfully requested to send us the time, place, and nature of 
such contracts as are to be let in their vicinity each week — a 
line or two, or a slip from the local paper, or the name of the 
paper which has the advertising of contracts —it will assist us 
materially and add a feature of interest to Engineering News. 
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